Abstract. Small-scaled renewable energy generation such as micro-hydro and domestic solar panel has become the recent trend of research in order to achieve sustainable energy generation and to eliminate the reliance of geographical selection and large farm area. As for the case of wind energy, a wind turbine that can operate at low wind condition are desirable. This paper presents a mixed design for Vertical Axis Wind Turbine comprises of Savonius and Darrieus rotors, being assembled together as a single rotor turbine. The mixed wind turbine model (MVAWT) was fabricated and tested in our lab as prove of concept. Experiments conducted on 5 MVAWT's configurations and being compared to a standalone Darrieus turbine with +3 degree pitch angle, showed promising result in lowering the self-start speed of the Darrieus turbine. It was observed that all the positive pitch angle MVAWTs has started to rotate at lower wind speed (about 1.8 m/s) while the standalone Darrieus turbine was only started to rotate at wind speeds more than 3.0 m/s. However, the lower self-start were also being compensated by lower turbine rotational speed. With the low self-start speed in the MVAWT, it will enable the wind energy capture for a longer period of time at a low wind condition site. This development should lead to an interesting research on optimizing the mixture of Savonius and Darrieus turbine for a localized low wind speed conditions in the future.
Introduction
Wind, like other renewable energy sources such as solar and ocean wave, are not consistent but abundantly available every day. Human has shown interest in harnessing the wind energy for various applications ranging from agricultural, irrigation, industrial processes to energy generation since centuries ago. The technology to harness the wind kinetic energy depends mainly on the application of blades to convert it into mechanical rotational kinetic energy. In 1970s, the field of wind energy expands after the oil crisis and along with infusion of research money in the United States, Denmark and Germany to find alternative sources of energy [1] . Wind turbine is a device that converts the wind energy into useful electric energy.
The development of wind turbine technology offers affordability, pollution-free and maintenance-free operation [2] , thus provides the benefits of sustainable environment and low cost in run. Moreover, wind turbine may be the best solution to provide electricity to rural area where the power grid is not available.
Wind turbine technology, however, is highly dependent on the geographical location. Generally, a site which has wind speed exceeded 6m/s is considered suitable for wind farm. In the Malaysian context, site investigation conducted by researchers showed limited site suitability for wind farm. Areas worth to be mentioned are limited to two; Mersing in Johor and Kudat in Sabah [3] . Kudat experiences mean wind speed ranging from 2.5m/s up to 5m/s in certain periods [3] .
Wind turbines are categorized into two types based on the orientation of their axis of rotation; Horizontal Axis Wind Turbine (HAWT) and Vertical Axis Wind Turbine (VAWT) [4] . HAWT has a rotor which moves in the direction of the wind [5] . On the other hand, VAWT rotational axis of the VAWT rotor is perpendicular to the wind direction or the mounting surface [6] . This study focuses on the VAWT that has desirable characteristic for low wind condition compared to the HAWT.
One of the major advantages of VAWT is that VAWTs are omni-directional, thus they can accept wind from any direction and eliminate the need for a yaw mechanism [7] . Two common VAWT designs are the Savonius and Darrieus turbine [8] . The differences between these designs are their blade type; i.e. lift or drag. Figure 1 shows the design of Savonius and Darrieus turbines. The Savonius wind turbine is a drag type rotor that has lower efficiency compared to the lift type rotor. However, this type of rotor is capable of self-starting and has high torque at low wind speed [9] . Considering that the wind speed is generally varied from time to time, ability to self-start is a critical factor in designing a turbine for low wind speed condition.
Darreius turbine operates based on the lift forces acting on the blades to rotate the turbine [7] . Although this design possesses high efficiency, the design suffers from the issues of low starting torque and most of the time unable to self-start at low wind speed [7] . Ibrahim [5] also stated that the efficiency of this design can reach up to 37%. Considering a low wind speed condition, this research focuses on to investigate the performance of a mixed wind turbine that integrates both Savonius and Darrieus turbine concepts together.
Methodology
In order to design the rotor for low speed condition, the drag type Savonius rotor feature is desirable. The Savonius rotor functioned as a starting mechanism and to assist the turbine at low wind speed. To fulfill this requirement, a modified version of Savonius rotor is chosen as shown in Fig. 2 . It is more efficient compared to the classic bucket shaped rotor [9] due to its modified rotor shape, which generate less drag at higher wind speed. 
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Darrieus blade profiles that are commonly found are the NACA 0012 and NACA 0015 [9] . The properties of the profile have a significant effect on the drag, lift and angle of attack. For this design, NACA 0012 blade profile was chosen for the Darrieus part of the wind turbine. The NACA 0012 blade profile is a symmetrical profile where the 00 indicating that it has no chamber, symmetric and the 12 indicates the 12% thickness to chord length ratio at the 30% of the chord from the leading edge [9] .
The profiles chosen previously was designed using a CAD software to form a new mixed Savious/Darrieus VAWT (MVAWT) blade profile, and fabricated in the mechanical workshop at Universiti Malaysia Sabah (UMS). It was designed in such way that the angle of attack was adjustable and the Savonius rotor is detachable. Thus, enable us to test the turbine with different configurations. Figure 3 shows the schematic figure of the model. The material used for the blades prototype was aluminum sheet as it is has adequate yield strength to withstand the low wind force and easy to be shaped. Plywood and balsa wood was used as the frame for the blade. The base was made from 8mm plywood and 4 pieces of 20cm 2x4 square woods. Two BSK deep groove ball bearings with inner diameter of 23 mm were used to mount the shaft. 
Experimental Work
To assess the performance of the MVAWT, five different rotor pitches to simulate different angle of attack, were planned and were compared with a standalone Darrieus turbine with +3 degree pitch angle. These rotor configurations were tested at five different ranges of wind speed while the rotor rotation speed was recorded.
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Results
Total of six configurations of the wind turbine (one standalone Darriues turbine with +3 degree pitch angle and five configurations of MVAWT) were tested at 5 different wind speeds which range from 1.8 m/s to 7 m/s. However, the wind speed for each configuration was not exactly the same since the wind was generated from a modified propeller powered by a 60cc two-stroke engine. Figure 4 showed the effect of angle of attack on the rotation speed (rpm) at different wind speed. Figure 4 showed that the rotation speed increase as the wind speed increases for all configurations. This indicates that wind energy was converted to kinetic energy via the rotation of the rotor. However, both the negative pitch angles showed much slower rotation speed at all wind speed compared to other configuration.
The test showed that the standalone Darrieus turbine rotates fastest among all other configurations. However, it is also noted that it only started to rotate at higher wind speeds (more than 3.0 m/s) compared to MVAWTs that started to rotate at lower wind speed (about 1.8 m/s for all positive pitch angle MVAWTs). The mix wind turbine with +6 degree pitch angle able to self-rotate at wind speed as low as 1.5 m/s while the stand-alone Darrieus turbine only self-rotate at 3.5 m/s. Higher rotation speed observed on the positive pitch angle showed that the lift force produces at this angle of attack were higher than then the negative pitch angle. This is consistent with recent findings [4, 6] that noted on the angle of attack influences the lift coefficient, C L and ultimately the lift force. Castillo [6] also shows that at approximately +3 o angle of attack, the blade yields higher coefficient of performance compared to other angle of attack.
Comparing the +3 o angle of attack between the MVAWT and Darrieus at low wind speed, the MVAWT was observed to be able to self-start at a much lower speed. Savonius is a drag type turbine, which easily rotates at low wind speed. At higher wind speed, the standalone Darrieus turbine rotates faster compared to the mixed wind turbine. The Savonius turbine has a higher coefficient of friction thus has a reduced rotational force at high wind speed. High friction problem was not observed at lift type turbine such as the Darrieus type.
With the low self-start speed in the MVAWT, it will enable the wind energy capture for a longer period of time at a low wind condition site. Future research should be established to investigate the relationship between the ratio of the mixture between the Savonius and Darrieus and the self-start speed in order to design for the optimized and localized low wind speed conditions.
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Conclusion
In this study, a Mixed Vertical Axis Wind Turbine (MVAWT) was designed, built and tested against Darrieus VAWT at various wind speed and pitch angle. Test results showed that;
• MVAWT able to self-rotate at lower wind speed (1.5 m/s) compared to Darrieus VAWT (3.5 m/s) • Darrieus VAWT rotate faster compared to MVAWT at higher wind speed thus more efficient • Increased pitch angle shows faster rotation speed compared decreased pitch angle • MVAWT Decreased pitch angle self-rotates at slightly higher wind speed (2.5 m/s) compared to MVAWT increased pitch angle and were insensitive to wind speed variance As a conclusion, the Mix Vertical Axis Wind Turbine (MVAWT) shows good alternative design for operating vertical axis wind turbine at low wind speed region. However, improvements in the design need to be considered when operating at a region where high variance of wind speed is observed. Future study needs to focus on better design and a full characterization of wind turbine performance. Such study is important to further increase the feasibility of wind turbine as an alternative power generator in the region.
